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Abstract 

The Cosmic Far-Infrared Background (CFIRB) contains information about the 
number and distribution of contributing sources and thus gives us an important key 
to understand the evolution of galaxies. Using a confusion study to set a funda- 
mental limit to the observations, we investigate the potential to explore the CFIRB 
with AKARI/FIS deep observations. The Far-Infrared Surveyor (FIS) is one of the 
focal-plane instruments on the AKARI (formerly known as ASTRO-F) satellite, 
which was launched in early 2006. Based upon source distribution models assuming 
three different cosmological evolutionary scenarios (no evolution, weak evolution, 
and strong evolution), an extensive model for diffuse emission from infrared cirrus, 
and instrumental noise estimates, we present a comprehensive analysis for the de- 
termination of the confusion levels for deep far- infrared observations. We use our 
derived sensitivities to suggest the best observational strategy for the AKARI /YIS 
mission to detect the CFIRB fluctuations. If the source distribution follows the evo- 
lutionary models, observations will be mostly limited by source confusion. We find 
that we will be able to detect the CFIRB fluctuations and that these will in turn 
provide information to discriminate between the evolutionary scenarios of galaxies 
in most low-to-medium cirrus regions. 
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1 Introduction 



Measurements of the infrared background liave been carried out in several 
wavelength bands. The study of deep galaxy counts at infrared wavelengths 
has enabled us to resolve a significant fraction of the Cosmic Far-Infrared Back- 
ground (CFIRB) which contains the accumulated intensity from redshifted and 
unresolved extragalactic sources. In addition to point sources, there also ex- 
ist fluctuations in the surface brightness of extended structure due to neutral 
interstellar dust in the Milky Way th at is heated by t he interstellar radia- 



tion field, known as the infrared cirrus (ILow et al.l . Il984j ). Moreover, although 



significant fluctuations frona zodia cal emission have not yet been detected 
( 1 Abraham. Leinert fc Lemkd . 119971 ). this component may also contribute to 
the background fluctuations. Cirrus emission peaks at far-IR wavelengths but 
was detected in all 4 IRAS bands. The infrared emission from Galactic cir- 
rus is usually a function of Galactic latitude and is serious for wavelengths 
longer than 60 /im. In many cases, the spatial power spectrum from fluctu- 
ations of the dust er nission can be expres sed as a simple power-law with the 



power index of ~-3 (iGautier et al.l . Il992l ). Unresolved sources below the de- 



tection limit also create fluctuations in the background, wh ich was indeed de- 



tected from Infrared Space Ob servatory (ISO) observations (iLagache &: Puget 



2000 : Matsuhara et al. . 2000l ). By using the different properties of spatial fiuc- 



t nations compared to unresolved sources and cirrus emission, some authors 



(iKiss et al.l . l2001l : iMiville-Deschenes. Lagache fc Pugetl . l2002l : iGrossan fc Smoot 
2006h have obtained significant levels of CFIRB fluctuation. However, since a 



dependency of the power index of the cirrus power spectrum on bot h the wave- 



length and surface bright ness is suggested from recent observations (IKiss et al. 



20031 : llngalls et al.l . 1200J) , we need to understand the spatial property of cirrus 
fluctuations as a function of Galactic latitude. 



The Japanese AKARI (formerly known as ASTRO-F) satel lite was launched 
on February 21st 2006 and is performin g an all-sky survey (INakagawal . l200ll : 

2007ar) and deep pointed observations at the 



Shibai. 2004: Pearson et all. 2004 



North and South Ecliptic Poles (iMatsuhara et al.l . 120061 ) and other selected 



areas in 4 far-IR bands to much improved sensitivities, spatial resolutions and 
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wider wavelength coverage than the previous IRAS survey over two decades 
ago. These far-IR observations will be expected to detect the CFIRB via fluc- 
tuation analysis. The actual observing plan may change depending on the 
in-flight performance of AKARI. The purpose of this paper is to show the 
potential possible detection of the CFIRB and its expected fluctuation level. 



2 Source Counts Model and Confusion 



Source counts results in the far-IR re g ime f r om ISO and Spit zer observations 
flMatsuhara et all . I2OOOI : IPuget et all . 1 19991 : IPole et all . l2004h show a signifl- 
cant evolution in the extragalactic population. The source count models used 
in this paper consider two evolutionar y scenarios for galaxies revised from our 
previous luminosity ev olution rnodel (Pearson fc Rowan- Robinsonl . Il996l ) and 
burst evoluti on model (IPearsonl. 120011) . For speciflc updated evolutionary pa- 
rameters, see IPearsonI (l2005l . l2007d ). In addition, a b rief explanation and th e 
color analysis for the revised models are described in lPearson et al.l (l2007bl ). 



Due to the fluctuations from background structure and unresolved sources be- 
low the resolution of the telescope beam, the detection of sources is usually 
influenced by confusion effects. The sky confusion due to cirrus structures de- 
pends on sky position, however the source confusion due to unresolved sources 
remains constant everywhere except for clustering effects of sources and solar 
system objects. Since the cirrus fluctuations are represented by near-Gaussian 
noise, the flnal confusion limits S'conf can be approximated by the summation 
of the two confusion noise components: 



conf I 



where Sec is the sky confusion limit due to cirrus structure, Ssc is the source 
confusion limit and r is the sky position. The source co nfusion estimated with 
the two evolutionary models of iPearsoru (120051 . l2007d ) is 7.6 — 13 mJy and 
55 — 72 mJy respectively (lower and upper limit is for luminosity evolution 
and burst evolution model, respectively), for the two wide bands of AKARI 
mission, i.e., WIDE-S and WIDE-L band with central wavelengths of 90 fim 
and 140 /xm. The sky confusion can be scaled w i th the cirrus surface bright 



ness ( Helou fc Beichman . 1990l : Kiss et al. , 2001 : Kiss. Klaas fc Lemke . 2005 



Jeong et al.l . |2005| ) and flg. 1 shows the flnal confusion limits for an assumed 



range of cirrus brightness levels for the AKARI mission. 
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3 Expected Cosmic Far-Infrared Background 



The flux levels from a randomly distributed population of extragalactic sources 
below the detection limit create fluctuations in the observed background. The 
CFIRB intensity /cfirb and fluctuation Pcfirb produced by all sources with 
a flux below the limiting flux S'um, are obtained from: 

-^CFIRB ~ J ^ '^^ (^) 





and 

'S'lim 

-Pcfirb ~ J '^^^ ('^) 





where 5* is the flux and dN/ dS are the differential source counts. The detection 
limits S'lim for AKAR I estimated f r om our stud y including both sky confusion 
and source confusion fl.Teong et al.l . 1200,4 l2006h with our revised source counts 
models f Pearson . 2005r2007cl ) are shown in Figure 1. In the dark cirrus fields, 
the confusion limits are expected to be 7.7 - 13 mJy for the WIDE-S band and 
56 - 73 mJy for the WIDE-L band (lower and upper values are for luminosity 
and burst evolution models, respectively). 

Due to our better sensitivity, we can resolve more sources from the CFIRB 
compared to previous missions. Figs. 2 and 3 show the amount of the resolved 
CFIRB and the CFIRB fluctuation for the WIDE-S and WIDE-L bands. The 
amount of resolved CFIRB increases faster (i.e., decreasing of CFIRB fluctu- 
ation) in the WIDE-L band compared with that in the WIDE-S band. We list 
the expected CFIRB intensity, fluctuation and resolved fraction of CFIRB 
in Table 1. The expected So" sensitivity for a diffuse source in AKARFs 
deep imaging mode (slow scan in 15 arcsec/sec, 2 sec rese_t) is 0.34 and 



0.56 MJy/sr for the WIDE-S and WIDE-L bands respectively (IVerdugo et al. 



20071 ). Though the CFIRB intensity expected in both evolutionary models is 
still below 3(7 sensitivity of the WIDE-S band, the CFIRB fluctuation in the 
burst evolution model is expected to be stronger than that of the noise (~ 600 
Jy^/sr at 5ct). However, the detect or characteristics may also affect th e accu - 



rate estimation of the fluctuation (jjegng et al.l . |2004J: IShirahata et al.l. 120041) 



et al.l mm have 



studied the detection of the CFIRB fluctuation from ISO observations in the 
Marano 1 field and the Lockman Hole, respectively. For comparison, we list 
our estimated fluctuations in Table 2. We find that the observed fluctuations 
are mostly located between the results predicted from our two evolutionary 
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models except for the observa tions at 90 /im. Comparing with the model of 



Lagache. Dole fc Pugetl (120031 ). our estimated fluctuations from the burst evo- 
lution model are in good agreement. Since the deep observations of AKARI 
will have better sensitivity and resolution over a wider sky area than the ISO 
observations, we expect that we will be able to obtain more accurate fluctua- 
tion levels from our observations. 

The estimation of fluctuations from the analysis of spatial power spectrum 
is usually used in the analysis of the CFIRB due to the lack of necessity for 
accurate absolute calibration. The power spectrum of cirrus emission at high 
Galactic latitudes (> 80 degree) also has a fluctuation of around 10^ Jy^/sr at 
0.01 arcmin"^ and 160 /xm and a power index of -2.9 it 0.5. The shaded area 
in Figure 4 covers the fluctuations predicted by both evolutionary models. In 
the WIDE-L band, we may require a minimum areal coverage of ~ 280 — 
400 arcmin^ in order to effectively distinguish the CFIRB fluctuations in the 
observed data that will inevitably include both CFIRB and cirrus emission. If 
we use the WIDE-S band, the minimum required area coverage increases by 
a factor of ~ 5. 

Obviously, as we observe higher cirrus regions, the detection limit becomes 
worse due to the increasing sky confusion noise, while the CFIRB fluctuation 
becomes larger (see the Figure 3). As can be seen in Figure 5, the fluctuations 
show a monotonic increase to medium cirrus regions. In the case of low Galactic 
latitude regions, since the cirrus fluctuation power should be more than 10* 
(WIDE-S) and 10^° (WIDE-L) JyVsr at 0.01 arcmin"! (see Figure 4), it will 
be difficult to extract the CFIRB fluctuation from the analysis of the power 
spectrum (Note that this CFIRB fluctuation has a spatial scale close to the 
resolution of the detector). However, we expect to detect CFIRB fluctuations 
in most low-to-medium cirrus regions. 



4 Summary 



While the CFIRB fluctuation is expected to be almost constant irrespective 
of position on the sky, except for low Galactic latitude regions (due to severe 
sky confusion), cirrus fluctuations should be different depending on the re- 
gions of sky. We verified these r esults by compar i ng our simulated results with 



observational data from ISO (IKiss et al.l . l200ll : iKiss. Klaas fc Lemkd . 12005 



Jeong et al.l . l2005l ). Thus, in order to estimate CFIRB fluctuations effectively. 



we need to compare the cirrus fluctuation via observations of regions at dif- 
ferent Galactic latitudes (cirrus brightness). The deep observations planned 
with the AKARI mission will enable us to detect the CFIRB fluctuation in 
most regions of low-to-medium cirrus brightness in both the WIDE-S and 
WIDE-L bands. These observations will lead to a better understanding of the 
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Cosmic Far-Infrared Background (CFIRB) - an important key to reveal the 
evolutionary scenario of galaxies in Universe. 
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Table 1 

Expected intensity, fluctuation and resolved fraction of CFIRB. 

Luminosity evolution Burst evolution 

WIDE-S WIDE-L WIDE-S WIDE-L 



Intensity (MJy/sr) 


0.12 


0.50 


0.17 


0.66 


Fluctuation (Jy^/sr) 


230 


5300 


660 


9000 


Potential resolution (%) 


33 


10 


26 
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Table 2 

Comparison of CFIRB fluctuations. 



A 


e 




'S'max 


Observations 


Predicted 


Predicted ^ 


Predicted (this work) 


(^m) 


(arcmin) 


(mJy) 


(JyVsr) 


(JyVsr) 


(JyVsr) 


(JyVsr) 


90 


0.4 - 


20 


150 


13000 ± 3000 


5300 


2100 - 7200 


3200 - 4700 


170 


0.6 - 


4 


100 


7400 ^ 


12000 


3800 - 14000 


8200 - 13000 


170 


0.6 - 


20 


250 


12000 ± 2000 


16000 


5500 - 18000 


11000 - 16000 



" Model from lLagache. Dole fc Pueetl \200i ). 



^ Lower and upper limits from our luminosity and burst evolution model, 
respectively ( Jeong et al. . 20061 ) . 



Matsuhara et al. 


(200C) 


Laeache & Pueet 


(2OO0ll 
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cirrus mean brightness [MJy/sr] 



cirrus mean brightness [MJy/sr] 



Fig. 1. Confusion limits considering both sky confusion and source confusion from 
careful simulations for the AKARI mission. The two vertical lines show the mean 
cirrus brightness 1.0 MJy sr^^ for the WIDE-S band (left) and 15 MJy sr~^ for 
the WIDE-L band (right), respectively. The leftwards and rightwards in the figure 
mean low and high cirrus regions, respectively. In low-level cirrus regions, source 
confusion is expected to dominate. Note that sky confusion increases as the mean 
cirrus brightness becomes larger while the source confusion has a constant value 
irrespective of the mean cirrus brightness. 



100 r 



WIDE-S 



OL 
10° 



Lum. evol. 
Burst evol. 



10' 



S,i„ [mJy] 



10^ 



10' 



100 



c 60 

U- 

o 

g 40 



WIDE-L 



01 

10° 



10' 10' 
Sii„ [mJy] 



10° 



Fig. 2. Fraction of resolved CFIRB for the WIDE-S and WIDE-L bands, is the 
limiting sensitivity. 
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Fig. 3. Expected CFIRB and cirrus fluctuations in the WIDE-S and WIDE-L bands 
for the AKARI mission. The shaded area covers fluctuations from both evolutionary 
models. For comparison, we show the results for our revised and previous models. 
The lower limit is for the luminosity evolution model and the upper limit for burst 
evolution model. 




0.01 0.10 1.00 0.01 0.10 1.00 
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Fig. 4. Expected CFIRB and cirrus fluctuations in the WIDE-S and WIDE-L bands 
for AKARI. The solid line shows the power spectrum of the cirrus emission at high 
Galactic latitude and the shaded area covers the fluctuations from the two evolution 
models. The lower limit is for the luminosity evolution model and the upper limit for 
the burst evolution model. The shaded area to the right means that those regions 
should be limited by the spatial resolution of the AKARI mission. 
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Fig. 5. Expected CFIRB fluctuation as a function of mean cirrus brightness in 
the WIDE-S and WIDE-L bands for the AKARI mission. The CFIRB fluctuation 
shows a monotonic increase in the medium mean cirrus brightness regions as the 
mean cirrus brightness increases. 
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